Summary. In Drosophila melanogaster, segmental specification takes place in groups of cells around the blastoderm stage. This segmental specification requires the function of the genes of the bithorax-complex. We have studied preblastoderm mosaics (gynandromorphs) of mutant (bx 3, pbx, Ubx, Ubx 8~ and wildtype (heterozygotes for these alleles) cells. The results show a total cell autonomy in the differentiation of both wildtype and homoeotially transformed cells. However, several unexpected phenotypes were found. They are discussed in terms of the function of the bithorax genes and early interactions between mutant and wildtype territories.
Introduction
The genes of the bithorax-complex (BX-C) are involved in the specification of the differential characteristics of thoracic and abdominal segments, each segment being defined by the activity of a different combination of genes of the complex (Lewis 1978 (Lewis , 1981 . This differential activity is thought to depend on the position of the cells in the blastoderm. This position, in turn, seems to be defined by an antero-posterior gradient in the concentration of specific repressor molecules, which depend on the activity of other genes (Lewis 1978 (Lewis , 1981 Garcia-Bellido and Capdevila 1978; Capdevila and Garcia-Bellido 1981; Struhl 1981) .
Segmentation subdivides groups of cells. Therefore it is important to know whether segmental specification results from cells autonomously reading positional values or whether it is a cell-group event as a consequence of cell communication. In the former case segmental discontinuity will follow lines of threshold positional values. In the latter case "inductive assimilation" between neighbouring cells would group them at both sides of segment borders. In principle, these two alternatives can be tested in genetic mosaics. In the former case differentiation would be cell autonomous, but not in the latter. If the postulated inductive assimilation depends on the genetic constitution of the cells with respect to the BX-C genes, genetic mosaics of mutant and wildtype cells will show non-autonomous cell differentiation. Mosaics produced by mitotic recombination induced during the proliferation phase of the imaginal anlagen, after segmental specification, show cell autonomous cell differentiation (Morata and Garcia-Bellido 1976) . We will analyse here preblastodermal (gynandromorph) mosaics, i.e. mosaics originated before the differential activation of the genes of the BX-C.
Gynandromorphs for several bithorax mutant alleles using as marker of the XO tissue the chaete color mutant yellow have been already studied by Lewis (1963) . The results basically showed mutant cell autonomy in the homoeotic transformation but, due to the limitations of the cell marker used, partial non-autonomy could not be ruled out. In the present work we used a different gynandromorph-generating mechanism and cell markers which label all the cuticular (chaetes and trichomes) derivatives.
Material and Methods
The mutant alleles of the bithorax-complex (BX-C) studied here are described in Lewis (1978) and Capdevila and Garcia-Bellido (1978) ; other mutants, in Lindsley and Grell (1968) .
Gynandromorphs were obtained in outcrosses of females homozygous for mit (mitotic loss inducer; Gelbart 1974) . In these crosses, gynandromorphs appear in low frequency, and the male (XO) territories affect only one or few segment, due to a late syncytial X-chromosome loss (Gelbart 1974 (Lewis 1978) in the centromeric region of the same ySj( chromosome.
In the female offspring of the mit females the loss of the paternal X chromosome is marked with mwh and f 36". 
In the remaining cases the corresponding region was absent. They probably consisted of mutant territories because were flanked by mutant tissue in the same and neighbouring segments. b In two cases the mutant region affected leg territories with no segmental characteristics incorporated into our study those gynandromorphs with male tissue in two or more adjacent segments, an indication of chromosome loss prior to blastoderm.
Results and Discussion
We have studied in gynandromorphs the transformation phenotypes caused by different bithorax alleles (bx*). The alleles studied are: two recessive ones, both point mutations, bithorax-3 (bx 3) and postbithorax (pbx) and two dominant ones, Ultrabithorax (Ubx), a point mutation, and Ubx s~ a chromosome rearrangement with a breakpoint in the Ubx locus. The mutant territories studied are hemizygous (bx*/Df(3) P115) for the allele considered. This genetic constitution is viable in flies in the case of bx 3 and pbx and embryonic-larval lethal in the two Ubx alleles studied.
Both hemizygous bx 3 and pbx flies show a transformation of the metathoracic segment (in both dorsal and ventral discs) into the mesothoracic one. But, whereas this transformation is restricted to the anterior compartment in bx 3 flies, it is restricted to the posterior one in pbx flies. The viability of gynandromorphs carrying male mwh f36 bx 3 tissue and the distribution of this tissue in different segments is similar to that of control gynandromorphs with male y tissue (15 gynanders of each class in 1926 females). Male mwhf 36 bx 3 tissue appeared in 10 dorsal disc derivatives and in 7 ventral ones of the metathorax, the mutant territory occupying either entire compartments or only part of them (Table 1) . In both cases the homoeotic transformation was exclusively restricted to mwhf 36a cells in the anterior compartments.
The frequency of gynandromorphs carrying mwh f36a pbx tissue and controls was similar (8 vs 7 in 3,119 flies). Male (XO) pbx mutant tissue appeared in the dorsal metathorax of five and in the ventral metathorax of four gynanders. This tissue shows the homoeotic transformation in all the mwh f36 cells of posterior metathoracic derivatives, both in complete and in mosaic compartments (Table 1) .
Both Ubx mutants in trans-heterozygotes with either bx or pbx or bithoraxoid (bxd) mutations show the corresponding bx, pbx and bxd transformations. For that reason Ubx mutations are considered null mutations for these three bithorax pseudoallelic loci (Lewis 1963) . Ubx mutations are homozygous lethal. However their transformations can be scored in cuticular structures of the larva. Larval cuticular transformations are found not only in the metathorax but also in certain structures of all the abdominal segments (Lewis 1978) . Transformations for adult structures can be studied in genetic mosaics (Lewis 1963 ; Morata and GarciaBellido 1976) . In mitotic recombination clones, induced during the proliferating period of the anlage, homoeotic transformations for Ubx 1 and Ubx 13~ were found in the metathorax (bx and pbx phenotypes). Clones of the same genetic constitution could not be found in the first abdominal tergite where we expected bxd transformations. These clones appeared in a normal frequency but with no transformation in other abdominal segments.
The two Ubx mutations studied in male tissue in gynandromorphs behave in a similar way. The frequency of Ubx gynandromorphs was low relative to controls (20 vs 50 in 3,987 females) and slightly so in Ubx a~ (15 vs 18 in 3,387 females). Ubx tissue appeared in the metathorax of five gynanders and Ubx s~ tissue in four gynanders. In Table 1 we analyze the cases in which the XO rnwh f36, tissue was associated with the transformation. In all cases whether the entire compartment was affected or only part of it, the homoeotic transformation was restricted to cells of the XO tissue (Fig. I a) . The transformation was typical of both the bithorax and postbithorax mutations.
However, in the posterior compartment of the metathoracic leg (one case) (Table 1 ) and in three cases ofmosaicism in the mesothoracic leg (two in Ubx and one in Ubx 8~ gynanders), in which the XO territories covered differential leg patterns, the cuticular patterns correspond to those of the posterior compartment of the prothoracic leg (Fig. 1 b) . The same transformations were found in Ubx mitotic recombination clones initiated early in the embryonic period (Morata and Kerridge 1981) . A possibly related transformation was found in three Ubx mosaics. Similar structures were found by Lewis (1963) in Ubx gynandromorphs. It consisted in the appearance, between the postmesonotum and metanotum, of macro-and microchaetes that may correspond to the mesonotum or to the humerus (Fig. i c) . If this is the correct interpretation it would mean that Ubx mutations cause transformations of meta-and mesothorax (notum) anlagen (see Lewis 1981) .
In cases where the male Ubx tissue affected the first abdominal segments, either the anterior part was not transformed or was absent (Table l) . However, the posterior compartment of that segment (Kornberg 1981 ) always remained intact and untransformed (9 cases). This is in contrast with the expected bithoraxoid transformation found in bxd/Ubx or in b x d / D f ( 3 ) P l 1 5 flies (Kerridge and Sang 1981) . The failure of Ubx mitotic recombination clones to differentiate in the first tergite was interpreted (Morata and Garcla-Bellido 1976) as due to the change of proliferation dynamics of histoblasts (tergite) to imaginal discs (metathorax) too late in development, in the pupal period, when the segregation of the recombinant cells takes place. In the present experiments, however, the homozygosity for Ubx occurred in preblastoderm nuclei and therefore the mutant anlage in the embryo is expected to start growing as a thoracic anlage.
The explanation of this paradox may come from other findings in this work. Both in Ubx and Ubx 8~ gynandromorphs, it frequently occurs that cuticular derivatives of entire thoracic discs, both wings (2 cases), or halteres (6 cases), or hemi-tergites (5 cases), or pleural regions and hemisternites (8 cases), or regions of them (22 cases) are lacking. In some instances lacking or misformed hemitergites appear alternating in consecutive abdominal segments (Fig. 1 d) . The lacking structures are associated with mutant territories in neighbouring hemisegments and even with mutant territories in the same hemisegment. These phenotypes were found neither in control gynandromorphs nor in b)c 3 or pbx gynandromorphs. These abnormalities may have unspecific causes, or be specifically due to the effects of Ubx mutations on the organization of the thoracic and abdominal segments. Imaginal discs and histoblasts derive from a population of embryonic epidermal cells, part of which will constitute that larval hypodermis and part the imaginal cells (Poulson 1950) . Moreover, the histoblasts of the adult tergites will proliferate upon the larval hypodermis, receiving positional cues from them (Santamaria and Garcia-Bellido 1972; Roseland and Schneiderman 1979) . It is reasonable to assume that the effects of Ubx in the specification of the larval hypodermis causing transformations towards more anterior segments, in all the segments caudal to prothorax, may also affect the specification of the cells of the imaginal anlagen. This situation may lead to conflicts between differently specified larval and imaginal cells in mosaic (wildtype and mutant) embryonic segments. These conflicts could consist in differential cell affinity properties between cells of different segments (GarciaBellido and Lewis 1976 ) and different proliferation dynamics between thoracic and abdominal imaginal anlagen in the abdomen.
In all the bithorax mutants studied in gynanders, homoeotic transformation was restricted to the mutant cells, even in mosaic compartments. This confirms and extends the findings of Lewis (1963) using other cell markers and gynandromorph-generating mechanism. It indicates that the specific segmental pathway chosen by the cells in early embryogenesis reflects, cell autonomously, the genetic constitution of the cells with respect to the bithorax genes. This could mean that the registering of position, and the activation of the bithorax genes corresponding to each segment, is autonomously done by the individual cells, independently of their neighbours. However, the possibility still remains that there are cell non-autonomous events mediating products of the genes involved in the activation of the BX-C.
